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[57] ABSTRACT

There is provided by this invention a method and an
apparatus for cooling a heat load that is operable in zero
gravity conditions and while in any orientation due to
the design of the apparatus. The apparatus’ components
are also selected so as to comprise a lightweight refrig-
eration system. The apparatus utilizes direct contact
between two fluids, a liquid coolant and a refrigerant,
with widely different vapor pressures so that one fluid,
the coolant, always remains a liquid in the system. The
two fluids may be totally or partially soluble in one
another or they may be totally insoluble in one another
with the degree of solubility affecting the system’s effi-
ciency, but not its reliable operation. The refrigerant,

which boils and condenses during the refrigeration
cycle, is mixed with the coolant and condensed prior to

the portion of the system’s cycle in which the heat 1s
rejected to a heat sink and 1s subsequently separated
from the coolant. Furthermore, the coolant in the sys-
tem, which absorbs heat from the load and subsequently
mixes with the refrigerant, remains a liquid throughout
the system’s cycle so as to provide lubrication for the
system’s components without the use of an additional

refrigerant oil.

19 Claims, 3 Drawing Sheets
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1
REFRIGERATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a method and a
system for cooling a heat load, and more particularly to
a method and a system for cooling a heat load utilizing
direct contact between a liquid coolant and a refrigerant
which may be operated in any orientation and under
any gravitational situation.

2. Brief Description of the Prior Art

Applications for refrigeration systems have steadily
increased and become more demanding. Currently,
aerospace refrigeration systems are needed which can
provide cooling in situations where there is zero gravity
or high gravity or when in any orientation. Addition-
ally, refrigeration systems are needed which are smaliler
and lighter.

Disclosed in U.S. Pat. No. 4,078,392 (hereinafter
'392) issued to Mark O. Kestner on Mar. 14, 1978 1s a
refrigeration system that utilizes direct contact heat
transfer between a refrigerant and a magnetic coolant.
The coolant absorbs the cooling load and the refriger-
ant chills the coolant by direct mixing such that the
refrigerant is vaporized. However, the system requires
that the fluids be immiscible so that they may be sepa-
rated by using buoyancy forces and that the first fluid be
ferromagnetic so as to allow their separation to be as-
sisted by a magnetic field. Also, the mixing and the
separation of the fluids occur within the same system
component and gravity is required for correct system
performance. Furthermore, the 392 system requires a
two-phase condenser which is orientation-dependent.

A method of refrigeration is disclosed by S. G. Syl-
van in U.S. Pat. No. 3,277,659 which i1ssued on Oct. 11,
1966. The refrigération method utilizes two flumds, a
refrigerant and a coolant. The liquid coolant 1s injected
into the refrigerant gas before its entry into the com-
pressor to allow isothermal compression. However,
only the refrigerant absorbs or rejects heat and the
method still utilizes the conventional condensing and
evaporating steps which require gravity in order to
separate the liquid and the gas refrigerant.

An additional refrigeration method and system 1s
disclosed by Michael St. Pierre in U.S. Pat. No.
4,689,964 (hereinafter '964) which issued on Sept. 1,
1987. The refrigeration method and system of the ’964
patent is operable in zero gravity situations and achieves
its cooling by the circulation of two different refriger-
ants within its system. However, the two refrigerants
both boil and condense inside of the two-phase heat
exchangers which are orientation-dependent in the re-
frigeration system of the '964 patent. Additionally, a
separate refrigerant oil is necessary to provide lubrica-
tion to the system’s components.

The heat pump cycle disclosed by Reinhard Rader-
macher in U.S. Pat. No. 4,724,679 (hereinafter ’679)

which issued on Feb. 16, 1988 utilizes a combination of

two refrigerants for circulation within the system. The
refrigerants are required to have widely different boil-
ing points so that one of the refrigerants does not boil,
but remains a liquid throughout the system. The system
and method disclosed in the *679 patent, however, re-
quires the use of two soluble fluids and thus the selec-
tion of applicable circulating refrigerants is limited to
those which are completely soluble in one another. The
system requires heat to be added in the desorber in
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order to vaporize the refrigerant and to cool the heat
load. The desorber, though, is a two-phase device
which is highly dependent on orientation. Additionally,
the heat pump cycle disclosed in the '679 patent requires
gravity to operate the adsorber, a two-phase heat ex-
changer, so that only liquid exits the adsorber instead of
gas which would exit if the adsorber were 1nverted.
Thus, the heat pump cycle can not properly function in
all orientations.

It would be desirable to develop a refrigeration sys-
tem which could operate in zero gravity or high gravity
situations, as well as a system which could utilize one of
its circulating components, which may be completely or
partially soluble or totally insoluble in the other compo-
nent, to provide lubrication so as to forego the use of a
separate refrigerant oil. It would also be desirable to
cool one or many heat loads with one of the system’s
components which would remain liquid so as to reduce
the likelihood of gaseous leaks since a liquid i1s more
reliably contained under pressure. Furthermore, it
would be desirable for a refrigeration system to be de-
signed so as to be lightweight and to maintain the mini-
mum system pressure necessary for increased effi-

clency. _
SUMMARY OF THE INVENTION

There is provided by this invention a method and a
system for cooling a heat load utilizing direct contact
between two fluids, a liquid coolant and a refrigerant,
with widely different vapor pressures so that one fluid,
the coolant, always remains a liquid in the system. The
two fluids may be totally or partially soluble in one
another or they may be totally insoluble in one another
with the degree of solubility affecting the system’s effi-
ciency, but not its reliable operation. The system’s com-
ponents are designed so that the system is capable of
operating in zero gravity or high gravity situations or
when the system is positioned in any orientation. The
system’s components are also selected so as to comprise
a lightweight refrigeration system. The coolant in the
system, which absorbs heat from the load and subse-
quently mixes with the refrigerant, remains a liquid
throughout the system’s cycle so as to provide lubrica-
tion for the system’s components without the use of an
additional refrigerant oil. The refrigerant, which boils
and condenses during the refrigeration cycle, is mixed
with the coolant and condensed prior to the portion of
the system’s cycle in which the heat 1s rejected to a heat
sink and is subsequently separated from the coolant.
Additionally, a control circuit may be coupled with the
refrigeration system to maintain the minimum pressure
necessary for rejecting the heat load to the heat sink so
as to obtain greater system efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of the system
incorporating the principles of this invention;

FIG. 2 is a thermodynamic diagram illustrating the
pressure and enthalpy changes which occur 1n the re-
frigerant within the system incorporating the pr1nc1p1es
of this invention;

FIG. 3 is a schematical representatlon of the system
incorporating the principles of this invention wherein a
centrifuge is utilized as the separating means;

FIG. 4 is a schematical representation of the system
incorporating the principies of this invention wherein a
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vortex flow separator 1s utilized as the separating
means; and

FIG. § is a schematical representation of the system
incorporating the principles of this invention wherein a
plurality of first and second heat exchange means are
connected in parallel.

DETAILED DESCRIPTION OF THE
~ PREFERRED EMBODIMENT

Referring to FIG. 1, there is shown a system 10 for
cooling a load incorporating the principles of this inven-
tion. The system 10 utilizes two fluids, a coolant which
remains a liquid throughout the system’s cycle and a
refrigerant which is partially vaporized during a portion
of the cycle. For best performance, the refrigerant
should have a low vapor pressure, such as below 1000
psia, to allow the use of lightweight materials. Also, the
refrigerant’s critical temperature must be greater than
the temperature of the heat sink so that the cooling load
can be absorbed by the heat sink by subcooling the
mixture of refrigerant and coolant. Additionally, the
system is more efficient when the critical temperature 1s
much higher than the heat sink’s temperature. An exems-
plary refrigerant is chlorodifluoromethane, commonly
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known as Refrigerant 22 (hereinafter R22), which has a 25

critical pressure of 722 psia and a critical temperature of

205° F.

The coolant should be selected so as to be chemically
inert with the refrigerant. The coolant vapor pressure
should be much lower than the refrigerant vapor pres-
sure, at least by a magnitude of 10 lower, so that the
coolant remains a liqud throughout the system and
does not depress the refrigerant vapor pressure when
they are mixed together. Additionally, the coolant

30

should be a good lubricant to eliminate the need for 35

additional refrigeration oil. An exemplary fluid is Po-
lyalphaolefin (hereinafter PAQO) which is a synthetic oil
with a vapor pressure of 9 Torr at 149° F.

The refrigerant and the coolant selected for proper
system operation may be either totally or partially solu-
ble, or totally insoluble in one another. For example,
system performance may be altered by selecting a to-
tally soluble pair of compounds which will optimize the
mixer’s efficiency while impairing the efficiency of the

separator. Alternatively, if a totally insoluble pair of 45

compounds 1s selected, the separator’s efficiency will be
increased, but the mixer’s efficiency will be decreased.
By allowing the use of fluids which are totally or par-
tially soluble in one another as well as fluids which are
totally insoluble in one another, the range of possible
fluids is greatly enhanced over prior art systems which
restricted the choices of refrigerants and coolants to
those which are totally soluble in one another as well as
prior art systems which restricted the choices of refrig-
erants and coolants to those which are partially soluble
in one another and prior art systems which required the
circulating fluids to be totally insoluble in one another.
Exemplary temperature and pressure ranges are
given throughout the following description of the sys-
tem 10. These ranges are for an typical system utilizing
PAO as a coolant and R22 as a refrigerant; however, 1t
should be noted that the use of these particular fluids 1s
solely for the purpose of example and alternative fluids
could be substituted by those skilled in the art without
departing from the spirit and scope of this invention.
Referring again to FIG. 1, a mixture of a refrigerant
and a coolant exists as a compressed or subcooled hquid
in a conduit 12 at a high pressure, such as 420 psia, and
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a moderately-high temperature, such as 100° F. Point 50
of FIG. 2 illustrates the subcooled liquid state of the
refrigerant existing in conduit 12 since enthalpy value at
point 50 is less than the critical enthalpy value at the
same pressure as illustrated by the saturated hquid
curve 58 which exists for enthalpy values less than the
critical point 60. Referring again to FIG. 1, an expan-
sion valve 14 connects conduit 12 to a conduit 16. Ex-
pansion valve 14 reduces the pressure below the satura-
tion pressure of the refrigerant, such as 83 psia, so as to
enable some or all of the liquid refrigerant to flash to
vapor, thus lowering the mixture’s temperature to the
refrigerant’s saturation temperature, such as 40° F.
when some of the refrigerant remains as a liquid, or to
slightly above the refrigerant’s saturation temperature,
such as 50° F. when all of the refrigerant is vaporized,
SO as to create a superheated vapor. Since the evapora-
tion process occurs within the conduit over a short
distance, the system does not require a two-phase heat
exchanger, such as an evaporator or desorber, as in the
prior art systems so as to make the system lighter and
more compact than the prior art systems.

The mixture of coolant and refrigerant from conduit
16 flows into a separator 18 which separates the refrig-
erant gas and the liquid by centrifugal action, either
mechanically induced or created by wvortex or swirl
flow. FIG. 3 illustrates a centrifuge 70 utilized as a
separator, while FIG. 4 depicts the separation accom-
plished by means of a vortex flow separator 72. The
separator will thus work in zero gravity or high gravity
situations or when situated in any orientation. There-
fore, chilled hquid, mostly coolant, 1s flowing in a con-
duit 20 while refrigerant gas is flowing in a conduit 30.

A pump 22 provides the motive force for the liquid
coolant in conduit 20. Pump 22 adjusts its displacement
sO as to maintain the same high pressure in a conduit 24
as i1s 1n conduit 34. The coolant at high pressure flows
through conduit 24 to a heat exchanger 26 which pro-
vides a means for the cooling load to indirectly contact
the chilled liquid. Within heat exchanger 26, the chilled
liquid absorbs heat from the cooling load which causes
its temperature to rise. A conduit 28 carries the liquid, at
a higher temperature such as 80" F., from heat ex-
changer 26 to a mixer 36.

Point 52 of FIG. 2 depicts the state of the refrigerant
gas in the conduit 30 following its separation from the
liquid coolant. The refrigerant gas in conduit 30 has
greater enthalpy at a lower pressure than the liquid
refrigerant had at point 50 which depicts the state of the
refrigerant in conduit 12. Additionally, the refrigerant
at point 52 is at the borderline of becoming a saturated
vapor as noted by its location on the saturated vapor
curve 62 existing for enthalpy values greater than the
critical point 60. Referring to FIG. 1, the refrigerant gas
in conduit 30 is carried to a compressor 32 which boosts
the refrigerant gas’ pressure such that its saturation
temperature i1s greater, such as 420 psia and 202° F.
respectively, as shown in FIG. 2 by point 54 which is 1n
the region of superheated refrigerant since point 54 has
a greater enthalpy than the saturated vapor curve 62 at
the same pressure. The transition from point 52 to point
54 caused by the compressor 32 i1s a constant entropy
process as shown by both points, 52 and 54, lying on the
constant entropy curve 64. The output pressure of the
compressor 32 is maintained constant so that the refrig-
erant is condensed in the coolant inside the mixer 36 and
the fluid mixture in conduit 38 has a temperature suffi-
ciently greater than that of the heat sink so as to reject
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the entire heat load. This higher temperature provides
the requisite temperature difference for a subsequent
heat transfer to an ultimate heat sink. The refrigerant
gas at its increased pressure is now carried by conduit
34 to a mixer 36. 3
Within mixer 36, the liquid coolant and the refriger-
ant gas are continuously mixed in such a manner that
external acceleration forces do not affect the flow or
condensation of the refrigerant as i1s well known to
those skilled in the art. An exemplary mixer 1s a Tee 10
fitting with the velocity of the incoming fluids chosen
so that the acceleration forces are overcome. The mix-
ing process can be enhanced with swirl devices or filters
sO as to increase the turbulence and reduce the size of
the refrigerant gas bubbles. The refrigerant gas i1s com- 15
pletely condensed by the liquid mixture from conduit 28
which is at a lower temperature than the refrigerant.
Consequently, the mixture of the two fluids which
leaves the mixer 36 through a conduit 38 is at a high
temperature, such as 140° F., which is greater than the 20
temperature of the liquid in conduit 28 but less than the
temperature of the refrigerant in conduit 34. The state
of the mixture within conduit 38 is illustrated in F1G. 2

by point 56 which shows a constant pressure decrease in

the enthalpy, and consequently a decrease in the tem- 25
perature, of the refrigerant from point 54, which depicts
refrigerant within conduit 34, to point 56 which depicts
refrigerant within conduit 38. The refrigerant is once
again a subcooled since the enthalpy at point 56 is less
than the enthalpy of the saturated liquid curve 58 at the 30
same pressure.

The high temperature liquid mixture now is trans-
ferred through conduit 38 to a heat exchanger 40.
Within heat exchanger 40, the liquid mixture 1s sub- -
cooled while transferring its heat to the sink. Common 35
examples of a heat sink include fuel and external air.
The liquid mixture exits heat exchanger 40 at a moder-
ate temperature, such as 100° F., through conduit 12 so
as begin the cooling process again.

The heat exchangers utilized in the system 10 may be 40
single-phase heat exchangers which are not dependant
on attitudinal and acceleration forces, whereas a two-
phase heat exchanger utilized in prior art systems re-
quires gravity to separate the gas and liquid. The single-
phase heat exchangers can be used because both within 45
the first heat exchanger 26 and the second heat ex-
changer 40, the mixture is completely liquid both before
and after the heat transfer. |

While FIG. 1 illustrates the system 10 with a single
first heat exchanger 26 and a single second heat ex- 50
changer 40, the refrigeration system could also contain
a plurality of first heat exchangers connected either in
parallel or serially. Likewise, the refrigeration system
could contain a plurality of second heat exchangers
connected either in parallel or serially. FIG. 3 illustrates 35
an exemplary system with a plurality of first heat ex-
change means 74 connected in parallel and a plurality of
second heat exchange means 76, also connected 1n par-
allel. A plurality of heat exchangers could be utilized
“when there are multiple heat loads to be cooled or mul- 60
tiple heat sinks to accept heat.

‘As illustrated in FIG. 1, every component of the
refrigeration system 10—such as expansion valve 14,
separator 18, pump 22, heat exchangers 26 and 40, com-
pressor 32, and mixer 36—is completely operable in 65
zero gravity or high gravity situations. Thus, the gravi-

- tational limitations inherent in prior art systems which
employ an evaporator and a condensor, or a desorber

tor.

6

and an adsorber, are eliminated by refrigeration system
10, which does not contain an evaporator, condensor,
desorber, or adsorber and which can operate in any
gravitational situation. The replacement of an evapora-
tor in a typical prior art refrigeration system by a sepa-
rator enables the system to be lighter than such prior art
systems since the separator is lighter than the evapora-

Additionally, the use of a coolant having a viscosity
similar to a refrigeration oil and an extremely low vapor
pressure so that it remains a liquid throughout the re-
frigeration cycle enables the coolant to lubricate the
system’s components. The use of the coolant as a lubri-
cant thus eliminates the need for an additional refriger-
ant oil which provides lubrication to be added into the
system which was a limitation of the prior art.

The refrigeration system as heretofore described
comprises a fixed pressure system wherein the pressures
inside the conduits are held at a constant value; how-
ever, a control system may be coupled with the refriger-
ation system to adjust the pressure as the system re-
quires to maintain more efficient operation. A control
system may be comprised of a controller 41, a tempera-
ture sensor 42 for the mixer output conduit 38, a temper-
ature sensor 43 for the heat sink of the second heat
exchanger 40, a pressure sensor 44 for the compressor
output conduit 34, and a pressure sensor 45 for the first
heat exchanger output conduit 28.

For most efficient operation, the system’s pressure
should be the minimum necessary to allow the system to
reject the heat load absorbed from the first heat ex-
changer 26 to the heat sink of the second heat ex-
changer 40. Due to the linear relationship between pres-
sure and temperature, the minimum compressor and
pump output pressure is obtained when the temperature
difference between the heat sink of the second heat
exchanger 40 and the fluid in the mixer output conduit
38 is the minimum necessary to reject the heat load to
the heat sink. In order to control the temperature differ-
ence, and more particularly the temperature of the fluid
in the mixer’s output conduit 38, the temperature of the
fluids entering the mixer 36 in the compressor output
conduit 34 and the first heat exchanger output conduit
28 must be measured and controlled. The temperature
of the fluids entering the mixer 36 is adjusted through
variance of the fluids’ pressure. Thus, to increase the
temperature of the fluid exiting the mixer in conduit 38,
the pressure of the fluid exiting the compressor in con-
duit 34 is increased and the pressure of the fluid exiting
the first heat exchanger 26 in conduit 28 is also in-
creased to match the pressure of the fluid in conduit 34.

The temperature of the heat sink of the second heat
exchanger 40 is measured by the temperature sensor 43
and transmitted to the controller 41 via control line 48.
Similarly, the temperature of the mixer’s output tluid 1n
conduit 38 is measured by the temperature sensor 42
and transmitted to the controller 41 via control line 49.
The controller 41 determines the difference in the tem-
perature readings and compares this difference to a
predetermined ideal temperature difference. If the ac-
tual temperature difference is less than the ideal temper-
ature difference, the pressure of the fluids entering the
mixer 36 must be raised. Alternatively, if the actual
temperature difference 1s greater than the ideal temper-
ature difference, the pressure of the fluids entering the
mixer 36 must be decreased. Also, the ideal temperature
difference may be adjusted during the course of the
system’s operation to account for external variations
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such as an increase in the heat load of the first heat
exchanger 26 or an increase or a decrease in the capac-
ity of the heat sink of the second heat exchanger 40.

The pressure of the fluid in conduit 34 is measured by
pressure sensor 44 and transmitted to the controller 41
via control line 39. Similarly, the pressure of the fluid in
conduit 28 is measured by pressure sensor 45 and trans-
mitted to the controlier 41 via control line 37. Thus, the
controiler can determine when the pressure of the input
fluids to the mixer is sufficient to maintain the predeter-
mined i1deal temperature difference. The pressure of the
fluids entering the mixer is adjusted by the control sig-
nals mnitiated by the controller 41 and transmitted via
control line 46 to the compressor 32 and via control line
47 to the pump 22. As 1s well known to those skilled 1n
the art, the output pressure of a fluid exiting a compres-
sor or a pump 1s adjustable. For example, as the speed,
or rpm, of a centrifugal pump or compressor is in-
creased the output pressure also increases for a given
flow rate. Alternatively, a piston-actuated pump or
compressor or a gear-driven pump has an increased
output pressure as the displacement, or stroke, is in-
creased for a given flow rate. Thus, the controller 41
will signal the compressor 32 to adjust its speed or dis-
placement to vary its output pressure in accordance
with the difference between the actual and i1deal tem-
perature differences. Similarly, the controller 41 will
signal-the pump 22 to adjust 1ts speed or displacement to
vary Its output pressure so as to match the output pres-
sure of the compressor 32. In this manner, the controller
41 can achieve increased system efficiency by maintain-
ing the minimum system pressure necessary for reject-
ing the heat load to the heat sink of the second heat
exchanger 40. |

Although there has been illustrated and described
spectfic detail and structure of operations, it is clearly
understood that the same were merely for purposes of
illustration and that changes and modifications may be
readily made therein by those skilied in the art without
departing from the spirit and the scope of this invention.

We claim:

1. A closed cooling system, comprising:

a) a refrigerant for circulating within the closed sys-
tem;

b) a coolant for circulating within the closed system;

c) a means for separating the refrigerant from the
coolant;

d) a pump means coupled to the separating means for
providing motive force to the coolant;

e) a plurality of first heat exchange means connected
downstream of the pump means for allowing the
coolant to absorb heat from a cooling load;

f) a compression means coupled to the separating
means for increasing the pressure of a vapor of a
refrigerant;

g) a means, connected to both the compression means
and the first heat exchange means, for mixing the
vapor of the refrigerant and the coolant so as to
condense the refrigerant vapor to a liquid;

h) a plurality of secord heat exchange means, coupled
downstream of the mixing means, for releasing heat
from a mixture of the liquid refrigerant and the
coolant to a heat sink; and -

1) a means, interconnected between the second heat
exchange means and the separating means, for de-
creasing the pressure of a mixture of the liquid
refrigerant and the coolant so as to vaporize the
liquid refrigerant.
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2. A closed system for cooling a load as recited in
claim 1, wherein the means for decreasing the pressure
1S an expansion valve. .

3. A closed system for cooling a load as recited in
claim 1, wherein the refrigerant is Refrigerant 22.

4. A closed system for cooling a load as recited in
claim 1, wherein the vapor pressure of the coolant 1s less
that 10 Torr such that the coolant will remain in a hquid
state throughout the closed system.

5. A closed system for cooling a load as recited in
claim 1, wherein the coolant is Polyalphaolefin.

6. A closed system for cooling a load as recited In
claim 1, wherein the separating means 1s mechanically
induced.

7. A closed system for cooling a load as recited in
claim 6, wherein the separating means 1s a centrifuge.

8. A closed system for cooling a load as recited in
claim 6, wherein the separating means is created by
vortex flow.

9. A closed system for cooling a load as recited in
claim 1, further comprising:

a) a first temperature sensing means, connected to the
second heat exchange means, for measuring the
temperature the heat sink;

b) a second temperature sensing means, interposed
between the mixing means and the second heat
exchange means, for measuring the temperature of
the mixture of the liquid refrigerant and the cool-
ant; .

c) a first pressure sensing means, interposed between
the compression means and the mixing means, for
measuring the pressure of the refrigerant;

d) a second pressure sensing means, interposed be-
tween the first heat exchange means and the mixing
means, for measuring the pressure of the coolant;
and

e) a controlling means, connected to the first temper-
ature sensing means, the second temperature sens-
ing means, the first pressure sensing means, the
second pressure sensing means, the compression
means, and the pump means, for determining the
actual temperature difference between the mea-
surements of the first temperature sensing means
and the second temperature sensing means and for

“adjusting the pressure of the refrigerant vapor exit-
ing the compression means and the coolant exiting
the pump means.

10. A closed cooling system, comprising:

a) Refrigerant 22 for circulating within the closed
System,;

b) Polyalphaolefin for circulating within the closed
system,;

c) a means for separating the Refrigerant 22 from the
Polyalphaolefin which 1s operable in any orienta-
tion and in any gravitational situation;

d) a pump means, coupled to the separating means,
for providing motive force to the Polyalphaolefin;

e) a plurality of first single-phase heat exchange
means, connected downstream of the pump means,
for allowing the Polyalphaolefin to absorb heat
from a cooling load;

f) a compression means, coupled to the separating
means, for increasing the pressure of a vapor of the
Refrigerant 22;

g) a means, connected to both the compression means
and the first single-phase heat exchange means, for
mixing the vapor of the Refrigerant 22 and the
Polyalphaolefin so as to condense the Refrigerant
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22 vapor which is operable in any orientation and
in any gravitational situation; |
h) a plurality of second single-phase heat exchange
means, coupled downstream of the mixing means,
for releasing heat from a mixture of liquid Refriger-
ant 22 and Polyalphaolefin to a heat sink; and
1) a means, interconnected between the second single-

phase heat exchange means and the separating
means, for decreasing the pressure of a mixture of |4
the liquid Refrigerant 22 and the Polyalphaolefin
sO as to vaporize the liquid Refrigerant 22;

1) a first temperature sensing means, connected to the

second heat exchange means, for measuring the
temperature of the heat sink; 15

k) a second temperature sensing means, interposed
between the mixing means and the second heat
exchange means, for measuring the temperature of
the mixture of the liquid refrigerant and the cool-
ant; 20

1) a first pressure sensing means, interposed between
the compression means and the mixing means, for
measuring the pressure of the refrigerant;

m) a second pressure sensing means, interposed be- 5«
tween the first heat exchange means and the mixing
means, for measuring the pressure of the coolant;
and

n) a controlling means, connected to the first temper-
ature sensing means, the second temperature sens- 30
ing means, the first pressure sensing means, the
second pressure sensing means, the compression
means, and the pump means, for determining the
actual temperature difference between the mea-
surements of the first temperature sensing means
and the second temperature sensing means and for
adjusting the pressure of the refrigerant vapor exit-
ing the compression means and the coolant exiting
the pump means. 40

11. A closed system for cooling a load as recited n

claim 10, wherein the separating means is mechanically
induced.

12. A closed system for cooling a load as recited in

claim 11, wherein the separating means is a centrifuge. 45

5
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13. A closed system for cooling a load as recited in
claim 11, wherein the separating means 1s created by

vortex flow.

14. A method for cooling a load, comprising the steps

of:

a) separating a liquid coolant from a vapor of a refrig-
erant; |

b} pumping the liquid coolant;

c) absorbing heat from a cooling load by the liquid
coolant;

d) compressing the refrigerant vapor;

e) mixing the liquid coolant and the refrigerant vapor
sO as to condense the refrigerant vapor to a refrig-
erant liquid;

f) releasing heat from the liquid coolant and the liquid
refrigerant to a heat sink; and

g) decreasing the pressure of the liquid coolant and
the liquid refrigerant so as to vaporize the liquid
refrigerant prior to the separating step.

15. A method for cooling a load as rectted in claim 14,

wherein the step of separating is mechanically induced.

16. A method for cooling a load as recited in claim 185,

wherein the step of separating is performed by a centri-
fuge.

17. A method for cooling a load as recited in claim 13,

wherein the step of separating is created by vortex flow.

18. A method for cooling a load as recited in claim 14,

wherein the step of decreasing the pressure 1S per-
formed by an expansion valve.

19. A method for cooling a load as recited in claim 14,

further comprising the steps of:

a) measuring the temperature of the heat sink;

b) measuring the temperature of the liquid coolant
and the liquid coolant following the mixing step;

c) measuring the pressure of the refrigerant vapor
following the compressing step;

d) measuring the pressure of the liquid coolant fol-
lowing the absorbing step: ~

e) adjusting the pressure of the liquid coolant 1n the
pumping step and the pressure of the refrigerant
vapor in the compressing step so as to maintamn the
pressure of the coolant and the refrigerant at the
minimum pressure necessary to release all the heat

absorbed from the cooling load to the heat sink.
% * ¥x X x
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